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G. F. Vansant, Assistant Projects Man~gement Engineer 
G. F. Kemper, Director of Constructiop 
c. G. Cook, Director :5-~~es 
Jas. H. Havens ~ ~·?,V~, 
Director of Rese~ 
Box and Pipe Culverts; 
Design Loads 
Mr. Neiser's Memo., April 29, 1966 
We have devoted further study to the several factors in-
volved in de,termining the loads bearing on culverts and offer you 
our best thoughts on the matter. A't first, the assignment seemed 
to be a rather pasual confrontation -- t,hat :is, assuming that the 
so-called :imperfect trench theory and 'the BPR criterion for pipe 
culverts :is wholly valid. Although we accepted the BPR's pipe 
criterion and have pledged full faith toward :it, certain interactions 
between culverts and embankments have remained obscure. In order 
to dispel all fears, I invited R. C. Deen to critically review the 
applicable theories. As oftentimes happens, a re-study or a more 
inquiring analysis discloses new truths which have to be reckoned 
with and reconciled. 
Dr. Deen's treatise is submitted herewith in its complete 
form; his studies proved to be especially revealing and provide 
theoretical bases for some interactions which, heretofore, I had 
been unable to reconcile satisfactorily. Your close C\ttention is 
:invited to his treatment of arching, and creep and relaxation 
phenomena and their influence upon the long-t,ime effectiveness of 
the imperfect trench. I was delighted to see that two modes of 
load transfer (accompanying settlement) are fully accountable, that 
is: 1) the case where the roof load exceeds WH and 2) the case 
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where it is less than WH. It is evident, as before, that we should 
strive to minimize consolidation in the fill at the sides of the 
culvert. If extremely compact soil or granular material is pro-
vided there, the load on the roof can never exceed WH. In practice, 
this means that any natural soil within certain boundaries on 
both sides of the culvert should be excavated to the foundation 
:elevation {or to rock) and if suitablebe recompacted. Bear in 
mind that this would be a method of preventing loads (roof pressures) 
in excess of WH. 
In order to confidently reduce the design load to a 
frac·tional portion of WH, a cushion would have to be provided 
above ·the roof or below the floor slab. For instance, if it were 
desired to reduce the pressure on the roof to 1/2 WH, the cushion 
should be capable of being compressed at a pressure of 1/2 WH. Of 
course, no real type of cushion will maintain a constant yield 
pressure as compression progresses; so, it becomes necessary to either 
minimize the compressive movement in the cushion or to resort to a 
decaying type of cushion (straw or other vegetation). Both loose 
soil and straw are used to cushion pipe culverts; of course, one can 
only hope that any plastic creep or subsidence of arching action will 
never exhaust the capacity of the cushion to yield. If creep phenomena 
were not so real and ever present, arching action could develop to the 
point'where a decaying cushion wo_uld leave a void above the roof of the 
culvert, and no load -.would .be 'born<§ by the culvert. Inasmuch as 
granular, non-plas·tic materials (even rock fills) are ·the least af-
fected by creep, there would be lasting advantages in deploying rock 
layers strategically above the culvert .• 
Previously, we have had some occasions to examine the 
AA.SHO Standard Specificat.ions .. ,_ with regard to loads on box 
culverts. At my request, R. D. Hughes has prepared a critical 
discussion of the AASHO criterion and has attempted to reconcile 
it with the BPR's pipe criterion from the standpoint of bedding and 
the so-called imperfect trench theory. He has also included there-
with copies of earlier inspection reports relating our first 
experience with cushioning box culverts. His report is also sub-
mitted herewith in its complete form. 
I wish to emphasize a point concerning the AASHO criterion 
which Hughes cit.ed but did not expound; viz, I have not discovered 
any justification for reduci.!ig . dead loads to 70"/o " .•• in order to 
have the effect of increasing the design dead load stresses 40 per-
cent more ·than allowed for live load ••• "' If t.he allowall>le design 
stress is taken as 50"/o of fy, a 40"/o increase is equivalent to 
designing for 70"/o of the actual. dead load. The 50"/o of f is 
y 
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equivalent to a safety factor of 2,00 whereas a 40% increase in 
allowable stresses .reduces the safety factor to 1,43, Impact 
factors as well as live-load effects vanish as the fill,height 
increases; hence, in the case of high fills, the principal load 
component is the weight of the filL Although i"t is generally 
understood that dead-load safety fac,to.rs may be less than those 
for live loads, it appears "to me that taking 70% of the dead,·load 
is a decep,tive way of altering the safety factor -- because it 
leads one to infer tha't the load has actually been reduced to 70%. 
Moreover, in computing the dead weight. by P=WH, the unit weight (W) 
may be chosen from a table of typical values; and one might un-
knowingly select. a wrong value. The value shown for soil fill is 
120 lbs, per cu:,, fL It is worthy of mentioning, I believe, that 
the BPR' s criterion for pipe is based on 124 lbs. per cu,. ft. and 
an over-all safety factor of 1,34, 
Other summary observations follow: 
1. It appears to me that cushioning beneath a culvert 
should serve principally to provide uniform bearing 
and to prevent stress concentrations. It is other-
wise immaterial as to whether the culvert is bedded 
on rock or soil if the material at the sides is not 
allowed to consolidate. Settlement of a structure 
together with its surroundings does not add load. 
The distinction between unyielding (rock) and 
yielding (soil) foundations is not necessarily 
relevant unless consolidation in the material at 
the sides cannot be avoided -- in which case the 
location of the plane of equal settlement must be 
determined, The worst conceivable condition would 
be to have the structure founded or perched on a 
column of bedrock or on piles -- in which case all 
settlement of the adjacent fill from the top of the 
culvert downward tends to transfer load onto the 
culverL I"t is thus the perching that should be 
avoided, 
Note, See Hughes' Fig. 2(c). Filling with rock as 
he has shown is intended to minimize longi-
tudinal settlement and bending; but unless 
the rock fill ext,ends laterally a considerable 
dis·tance, the righ·t end of the culvert would 
be perched. 
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2. Unless box culverts are founded on bedrock through-
out their entire leng·th, they should be expected to 
undergo bending along t.heir longitudinal axis. As 
in jointed or flexible pipe, boxes should be c13-mbered .. 
to compensate for settlement. It seems to me, 
therefore, that boxes should be jointed at very 
close intervals in areas where bending is anticipated--
tha·t is to say, if there is sufficient reason to 
camber it, there is also sufficient reason to put 
joints in it. 
3. Deen's report deals somewhat with the loads on the 
sides of culverts. Apparently sidewall pressure or 
thrust is customarily dete~~ined by using the 
coefficient of lateral earth pressure, Ka=Pj-/Pv• 
where pv=P=WH, the value of Ka is assumed (usually 
not less than 0.4 or greater than 0.8). In some 
recent discussions with Mr. Vansant, I suggested 
that all sides of the box be designed alike and that 
either a complete floor slab or cross-sills be 
provided in lieu of footings entrenched into bedrock. 
Mr. Vansant observed that in some cases boring 
information as to the quality of the bedrock has 
proven to be unreliable; he had knowledge of cases 
where intervening rock and light floor slabs had 
heaved due to lateral thrust on the walls and footings. 
4. In t.he past few days, I have been consulted in regard 
to specific installations which were presumably 
designed according to the conditions indicated by 
borings or soundings and in which excavations at 
the sites revealed altogether different conditions. 
My suggestions in each case involved cushioning above 
and (or) below the culvert and extra compaction 
laterally along ·the sides. I feel sure that the 
imperfect trench was not fully effected. It was 
suggested to me that the imperfect trench could be 
constructed quite easily by placing fill in layers 
but-·no·t compacting directly over the structure until 
the elevation t'hat would be required otherwise by 
the trench is reached. This, in a sense, would be 
a corruption of t.he imperfect trench; but I did not 
condemn the i.dea completely because .it seemed to me 
to be a very practical approach. With the addition 
of a layer of' baled straw on top of the culvert, the 
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method would be quite similar to that employed on 
Project I 75-6(11)14G, in Grant County. 
I invite you and others interested in this problem to 
critically evaluate our deliberations and to respond with due 
fervor. 
JHH:em 
Attachments 
June 6, 1966 
MEMORANDUM D,2,5 
TO: James H~ Havens 
FROM: 
Director of Research 
Robert C, Deen ~ 
Assistant Director of Research 
SUBJECT: Arching Stresses and Buried Conduits 
Underground conduits constructed of various materials and 
in a wide range of sizes and shapes have been serving mankind for 
many years, In spite of this long record of use, it has only been 
within the past few decades that rational methods have been 
applied to the design of this type of structure, The procedures 
employed in the design of such structures is basically the same 
as that used in the design of any structure, First, it is 
necessary to determine the loading conditions to which the struc-
ture will be subjected, Next, it is necessary to determine the 
supporting strength of the conduit, that is, its ability to carry 
the loads to which it is going to be subjected during its service 
life, The load carrying capacity of buried conduits. depend 
primarily upon three factors: 
1, The inherent strength of the conduit, 
2, The distribution of vertical loads; and 
3, The magnitude and distribution of lateral earth pressures, 
It is the determination of the magnitude and distribution of 
vertical and lateral stresses which makes it difficult to design 
underground conduits, and it is the determination of these stresses 
to which this discussion is directed, 
Within a semi-infinite soil mass there is a free-field stress 
distribution due to the weight of the material. itself,. When the 
continuity of the medium is interrupted by the presence of a bqried 
structure, the stresses within the region near the structure are 
no longer equal to the free-field stresses since a discontinuity 
of strains or deformations occur at the soil-structure interface, 
Because of this discontinuity, the induced differential deformations 
alter the at-rest earth pressure conditions that existed prior to 
construction, Shear stresses are mobilized within the embedded 
length of the structure as well as within the portion of the soil. 
medium that surrounds the buried structure, 
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Depending upon the direction of shearing stresses induced 
by the differential deformations, the stresses transmitted to the 
buried structure can be larger or smaller than the free-field 
stress, The loads to be carried by the structure due to this 
stress difference is a function of the relative stiffness between 
the structure and the surrounding medium, When a structure is 
buried in a soil mass, a modulus mismatch between the structure 
and the surrounding soil exists, There!ure, relative displacements 
between the structure and the surrounding soil particles will 
occur, As a result, shearing stresses will be mobilized along 
the planes which experience shearing distortions. The magnitude 
and direction of these shearing stresses depend upon the physical 
properties of the soil, the magnitude of the overburden pressure, 
the geometry and relative position of the buried structure, and the 
relative stiffness between the buried structure and the surrounding 
soil, 
If it is assumed that the modulus of the buried structure and 
the surrounding soil are the same, both the buried structure and 
the soil will experience the same amount of deformation, Con-
sequently, no arching stresses will be transmitted to or from the 
buried structure, Thus, the buried structure will be subjected 
only to the overburden pressure, If the modulus of the buried 
structure is smaller than the modulus of the surrounding soil, 
the buried structure will deform under loading more than an 
equivalent column of soil, Thus shearing stresses will be 
mobilized along those planes which experiences discontinuity of 
strain, These shearing stresses will act in such a direction as 
to relieve the pressure on the buried structure to a level below 
the intensity of that due to the overburden pressure, This 
phenomenon of stress reduction is often referred to as ''active 
arching", If the modulus of the buried structure is greater than 
that of the surrounding soil, the soil will deform more than the 
buried structure and the directions of the mobilized shear stresses 
will be such that they transfer to the buried structure stresses 
higher than those due solely to the overburden pressure. This 
phenomena of stress transference is called '' passive arching'', 
The significance of the arching phenomenon was first 
observed in connection with the braclng of open cuts in the con-
struction of the New York subway system (1) and of the Berlin 
subway (2) in the early 1900's, Significant work in this area 
has been performed by Spangler (3) in connection with the design 
of culverts and underground conduits, Recently, the need for the 
development of design criteria for underground protective con-
struction has re.sulted in a need for a better understanding of of 
the arching mechanism (4), As a result of the work that has been 
done with regard to the arching phenomena, it has been concluded 
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that the arching stresses are essentially independent of the 
overburden pressure, Furthermore, the arching stresses are a 
direct funciton of the differential displacement between the 
structure and the surrounding medium, 
Consider the problem of determining pressures due to a 
yielding base (see Figure la), The soil mass yields by an 
amount S along the rigid strip cd at elevation ab, This con-
dition may be used as an approximation of the deformations 
induced by the settlement of a box or pipe culvert more than the 
surrounding soil, Considering elastic equilibrium and making · 
use of·Fourier integrals and the appropriate boundary conditions, 
it is found that 
where 
(J ~ -y SE 
2rr(l-~'!1:) 
+ 2[x 
{ [x + 
f X + ( B/ 4) 
lex+ <BI4l) 
+ y--} 2 
cry = vertical stress, 
E = modulus of elasticity, 
B =width of culvert, 
~ =Poisson's ratio, and 
x-(B/4) 
[x-(B/4)] 
2[x-(B/4)]y
2 1 
{ [x - (B/4) ]2 + y 2}2 
x and y = coordinates of the point in question, 
2 
+ y 
Of special interest in the design of culverts is thP. vertical 
pressure on the strip cd, Setting y=O in the above equation, 
(J - -y 
SEB 
[ x 2 - ~ B/ 4) 2 ] • 2rr n-~ 4 ) 
This is the vertical stress due to the displacement S only, To 
this must be added the overburden pressure yH, where yis the unit 
weight of the material, The net calculated pressure distribution 
is shown in Figure lb (5), 
The application of the theoretical solutions shown above 
to design problems implies that the soil material behaves 
elastically, It is known that the behavior of soil departs from 
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from ideal elasticity, However, elastic solutions are good 
approximations when small displacements are involved, At large 
displacements, the stresses in certain regions reach the yield 
stress and the stress distribution that finally results may be 
quite different from the elastic stress distribution as given 
by considering elastic equilibrium, In Figure lb it is noted 
that the elastic solution gives a stress equal to infinity at 
the edge of the yielding strip cd, This is obviously untenable 
in a real soil mass; therefore, plastic yielding will occur at 
these points as soon as the stress level reaches the yield point, 
Immediately above the plane cd, the movement of the 
soil particles is denoted in Figure 2 by the arrows e and f, 
The material just above cd moves downward and the material over 
the unyielding foundation ac moves laterally, If the strip 
cd is assumed to be smooth, then cd is a principle plane. 
Before displacement the major principle stress acts vertically 
and the minor principle stress acts horizontally, After defor-
mation occurs, the major and minor principle stresses are in 
the horizontal and vertical directions, respectively, The 
slip planes which result can be assumed to occur at an angle 
of 45° - • in the zone between c and d, the interior prism, 
and 
The 
and 
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at an angle of 45° + 
exterior prisms then 
the interior prism is 
t in the exterior prisms, ac and db, 
are an active earth pressure zone 
a passive earth pressure zone, 
If deformations proceed far enough and the distance H is 
sufficiently small, the failure surfaces may propagate to the 
ground surface. The slip lines would intersect the ground sur-
face at right angles since there is no lateral displacement at 
the ground surface, If H is very large or if the relative dis-
placement between the exterior and interior prisms is limited, 
then the slip lines or failure surfaces may advance only as 
far as g and h, for example (Figure 2a), Line gh is referred 
to by Spangler as the plane of equal settlement. 
Rankine's theory of active and passive earth pressures 
has frequently been used to determine the lateral earth pressures 
acting on retaining structures, It can also be used to give 
estimates of stresses that may act upon a buried conduit. It 
is important to realize that Rankine's active and passive earth 
pressures are obtained only after deformation requirements have 
been met, that is, deformations must have proceeded sufficiently 
that the shearing resistance of the soil is fully mobilized, 
The lateral stress which develops as a result of lateral 
yielding, as in the exterior prisms in Figure 2a, is termed 
Rankine's active earth pressure, Rankine's theory gives the 
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where ¢ : angle of internal friction and 
c = cohesion, 
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The lateral stresses which occur at the limiting stage of lateral 
compression is called the passive pressure, Rankine's theory 
gives the passive pressure as 
Pp = yy tan 2 (45° + t ) + 2c tan (45° + f ), 
The active and passive earth pressures, therefore, are the minimum 
and maximum pre.ssures, respectively, that the soil can exert on a 
smooth structure, whether it be a retaining wall or·a buried 
conduit, ' 
The ratio of the horizontal to the vertical pressure is 
called the coefficient of lateral earth pressure and is denoted 
by Ka and K0 for the active.and passive states, respectively, The earth pressure coefficient for the at-rest condition is 
denoted by K0 , Since the at-rest state does not require failure 
in the soil, K0 can not be calculated from the plastic theory, 
If a uniform surcharge q is placed on the ground surface, :i,,ts 
effect is to increase the vertical stress at every point iri the 
mass by an amount q, The above equations for the active and 
passive earth pressures are increased by an amount q tan 2 (45°- fl 
and q tan 2 (45° + 1 ), respectively, 
2 
Field measurements of horizontal and vertical pressures 
associated with buried structures made by Terzaghi over several 
years of his experience suggest that failure planes or sli~ lines 
develop above a yielding conduit for a distance approximately 
equal to 2 1/2 times the width of the structure, At higher 
elevations, the soil remains in an state of elastic equilibrium, 
For an approximate analysis of the stresses for the 
situation shown in Figure 2, Spangler has assumed that the shear 
strength of the soil is fully mobilized along lines cj and dk, 
Spangler's analysis then considers the equilibrium of the mass 
cdjk, 
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Figure 2b illustrates the situation in which exterior prisms 
settle more than the interior prism, In this case the.exterior 
prisms exist in Rankine's passive state while the interior prism 
exists in the active state, This results in a much flatter failure 
surface in the exterior prisms and, according to the equations 
obtained for this situation by Spangler, indicate that the load 
to be carried by the structure is greatly increased, The ratio of 
loads to be carried between the active and passive states ~s at 
least as large as 3 to 1 and may be much larger, 
The theory developed above can be readily adapted to the 
analysis of lateral thrust on the sides·of buried conduits, In 
Figure 3 it is assumed that the failure planes originate at 
point c and c 1 , The wedges abc and a'b'c' move downward and toward 
the structure in much the same manner as wedge cgj in Figure 2a, 
Under this condition, downward movement occurs along strip aa', 
Therefore, we can apply the solutions obtained above considering 
aa' as the yielding strip, The width of the strip aa' may be 
determined approximately by assuming Rankine's states of lateral 
earth pressure in zone abc, This gives a width of 
B' = B + 2D tan (45° - .1 ) 
2 
for t.he active condition and 
B' = B + 2D tan (45° + .1 ) 
2 
for the passive case, 
It should be emphasized that the above analysis is based 
on the assumption that the top and sides of the structure permit 
adequate yielding to fully mobilize the shearing resistance of 
the soil, Consequently it is necessary to consider the def6rmat~on 
permitted by the underground structure before the results of the 
analysis can be applied, As examples, consider the following 
situations: 
L A structure where the footings of the structure are 
-ermJ.tted to settle under the load and the SJ.des are 
ree to move J.nward, ThJ.s satJ.SfJ.es RankJ.ne 1 s defor-
matJ.on requJ.rements and the above analysis can b~ 
expected to give reasonable results, The vertical 
pressure is considerably less than the overburden 
pressure and K, the coefficient of lateral earth 
pressure is less than K0 and may approach Ka , 
2, A flexible ring.As the roof yields, the sides must 
bulge horJ.zontally, A vertical yield reduces the 
vertical stresses acting on the roof of the structure, 
but the lateral bulge increases the lateral pressures 
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and K. A flexible circular ring ceases to deform only 
if it is under hydrostatic pressure, Therefore, the 
ring stabilizes as the vertical stress approaches the 
lateral stress or K equals l, 
3, A rigid structure. The vertical pressures carried by 
the roof approach the overburden pressure, However, 
the rigid structure does not bulge laterally and the 
value of K will approach K0 • 
4. Structure on unyieldin foundation. When the exterior 
pr1sms settle ln re at1on to the lnterior prism, the 
sides of the structure compresses the soil around it 
and causes the exterior prisms to exist in a passive 
pressure condition, The value of K can approach Kp 
and the thrusts on the side walls may be two or 
three times that when the structure is on a yielding 
foundation. 
If yielding of the buried structure eventually ceases, the 
question remains as to whether stress relaxation will occur in the 
soil, If r.reep or stress relaxation does in fact occur, the shear 
stresses which have developed along the the slip lines decrease, 
As the shearing stresses decrease, arching action also diminishes 
and the vertical stresses acting on the structure can be expected 
to approach the overburden pressure with time. If the shearing 
stresses are completely relaxed, the vertical pressures eventually 
become equal to the overburden pressure. Measurements made by 
Terzaghi in tunnels constructed in soft clay indicated that 
vertical pressures acting on the tunnel were initially about one-half 
of the overburden pressure, This agrees very well with the · 
above theory, However, the vertical pressures progressively 
increased with time--the final vertical pressures being equal to 
the overburden pressure. The same situation has been observed in 
several other buried structures, This indicates that stress 
relaxation can occur in certain materials, Hence the vertical 
pressure used in designing permanent structures should be taken as 
the overburden pressure unless a continually yielding cushion is 
provided. This phenomenon of creep or stress relaxation may have 
been neglected in the design criteria for pipe culverts. 
RCD:lhs 
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MEMORANDUM 
TO: 
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RE: 
REF: 
June 6, 1966 
Jas. H. Havens 
Director of Research 
Ronald D. Hughes ff.l).Jf-:_ 
Research Engineer 
Box and Pipe Culverts, 
I-71 Construction Projects 
A. 0. Neiser's Memorandum of 
April 29, 1966 
D.2.5 
In response to Mr. Neiser's memorandum of April 29, 1966 
to you, I have reviewed our files and reports in regard to this sub-
ject. As you are well aware, the imperfect trench has been used in 
numerous installations for pipe culverts under both earth and rock 
fills. The majority of these installations have been observed 
periodically and reported from time to time. Most of the instal-
lations have proved qui,te successful and are structurally sound to 
date. Some of the installations developed signs of distress soon 
after construction and remedial steps were effected. Rather complete 
investigations were made of the distressed culverts; and in many 
instances, bedrock or other unyielding material existed above (too 
close to bottom of conduit) the specified elevations. Improper 
backfilling and operation of heavy equipment above the conduit were 
suspicioned as causes of distress in other instances. Orders calling 
for more rigid inspection and adherence to specification requirements 
in regard to pipe-bedding details were issued to Construction personnel. 
9.:trpr-isingly few failures were reported thereafter, and it was 
generally concluded that improper bedding practices or heavy equip-
ment were the principal causes of earlier failures. 
Our records indicate the imperfect trench has been 
utilized in many inst,allations under rock fills, and the majority 
of these installations have proved successful. There is no indication 
of variation in performance of pipe culverts under rock or earth 
fills. A rock fill might signify a greater possibility of the 
existance of rock at or near the installation and thereby warrant 
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closer inspection. In general, the imperfect-trench method of 
construction has proved '"'o:t"E:hy of use -- provided that bedding 
details are rigidly observed. It is particularly important that 
the trench be constructed directly ·above ·the conduit and not to 
one side, that the trench be filled and protected soon after 
construction, and that. the ·operation of heavy equipment over the 
trench be prohibited until sufficient fill has been placed. 
Our experience in the use of an imperfect trench above 
box culverts has been quite limitedo To my knowledge, the im-
perfect trench has been used in construction of one box culvert in 
t.his State. The trench was used over a portion of an 8 "x4' R.C .B.c. 
at Station 1141+46.5, Project I 75-6(11)14~ in Grant County. This 
structure was completed early in 1962 and approximately 55 feet 
of shale fill was placed above the inlet portion. Early in 
April, 1962, serious signs of distress were noted within the bottom 
slab. The top slab and walls had set.tled appreciably without a 
corresponding settlement of the center of the bottom slab. Failure 
was attributed to an unstable foundation. Portions of the slab 
were replaced and other areas were patched. In an attempt to 
minimize the possibility of failure at. the outlet end, an imperfect 
trench was installed during placement of that portion of the 
embankment. This structure was inspected in May, 1965, and it 
appeared structurally sound. A report of this inspection is 
attached heret.o for your information. The absence of signs of 
distress within the outlet portion does not necessarily prove that 
the imperfect trench aided in relieving the load to be carried by 
that section; however, the performance of this installation may be' 
justification for other installations of this type on an experimen-
tal basis. 
Present practices permit the installation of box culverts 
on solid rock and utilization of the rock line as the flow line --
therby eliminating the necessity of a bottom slab. Earth loads on 
box culverts are computed in accordance wi·th procedures outlined 
under Section 1.2.2 of the current A.A.S.H.O. Standard Specifications 
for Highway Bridges. The earth loads on culverts are ordinarily 
computed as the weight of earth directly above the slab. The 
effective weight of earth backfill is taken as 70 percent of its 
actual weight in order t.o have the effect. of increasing the allow-
able, design dead load stress 40 percent more than allowed for 
live load. For definite conditions of bedding and backfill, the 
following formulas are recommendedc 
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(l) Culvert in trench on unyielding subgrade, or 
culvert untrenched on yielding foundation 
P~WH 
(2) Culvert untrenched on unyielding foundation 
(rock, piles, etc.) 
P~W (L92H-0.87B) forH>l.7B 
P=2 .59 BW (ek-1) for H<'L 7B 
P~pressure in PSF due to backfill 
B=,width (ft) of trench, or width of culvert if 
no trench 
H"'height (ft,) of fill over culvert 
W=:effective unit weight (PCF) of fill, taken as 
70 percent of actual unit weight 
E=2.7l82818 
K= 0.385H 
B 
The preceding formulas show the untrenched culvert on 
an unyielding foundation as the more severe condition of loading, 
as might be assumed. For values of H greater than l.7B, analysis of 
the preceding formulas indicates the variation in unit pressure as 
determined by method l and method 2 decreases as the value of B 
increases; i.e., the ratio of the pressure computed by 2 to the 
pressure computed by l is greater for narrow culverts than for th~ 
wider culverts for a given height of fill. It is also significant to 
note that height of the structure is not taken into account in the 
formulas. In the case of a culvert on an unyielding foundation, 
settlement within the soil columns on each side of the structure is 
greater than that within the soil column directly above the structure; 
hence load in addition to the weight of fill directly above the 
culvert must be borne by the structure since load is transferred from 
the exterior soil column to the interior soil column by virture of 
the difference in settlement of the columns. If the increase in load 
due to unequal settlement is independent of culvert width, the 
increase in unit pressure (if uniformly distributed) would be greater 
for a narrow culvert ·than for a wider culvert for a given height of 
fill. This fact is accoun·ted for in the formula by the fact.or 
-0.87B. 
Increased differential settlement between the interior 
(over culvert) and exterior (sides of culvert) soil columns leads 
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to increased transfer of load between the columns. In the case of 
a culvert untrenched and on an unyielding founda·tion, the exterior 
columns would settle more than the interior column by an amount 
equal to set.tlement taking place within the exterior columns from 
the foundation to the t.op of the culvert. On this basis, i·t appears 
evident that height of the s·tructure would have an effect. upon total 
load transferred from the exterior columns to the interior column. 
The A.A.S.H.O. formulas for an untrenched culvert on an unyielding 
foundation do not make provision for variation in load with culvert 
height. Apparently the factor l.92H is sufficiently large to 
compensate for large differentials in set·tlemen·t between columns. 
If this is ·the case, structures having lower heights are currently 
over-designed. 
Anot.her point of concern is the fact tha·t B is defined 
as the width of the trench or width of the culvert if unt.renched. 
The factor B appears only in those formulas listed for untrenched 
culverts on unyielding foundations; thus, it appears that B should 
always be taken as the width of the culvert. The definit.ion of B 
implies that these formulas are applicable in case of a trench. 
If this is so, the load to be supported by the culvert decreases 
as the trench width increases. This is in direct conflict. with t.he 
theory of loads on pipe culverts, and it is thereby suspicioned 
that trench width should not. be used in those formulas listed for 
untrenched culverts on unyielding foundations. 
Situations have arisen wherein culverts have been design-
ed for yielding foundations; whereas, at time of construction, un-
yielding foundations have been encoun·tered. In order to avoid 
redesigning such st.ructures, one solution would be to construct 
the culvert as designed, place the embankment on the sides and above 
the culvert to some elevation, excavate a trench in the backfill 
directly above the culvert, and then proceed in a manner similar to 
that. for trenched culverts. In effect, the culver-t is converted 
from an untrenched culvert on an unyielding foundation to a 
trenched culvert on an unyielding founda·t.ion and the original design 
would thereby be sufficient. A similar procedure is permi t.ted for 
pipe-culvert installations wherein a positive projecting conduit 
is converted to a negative projecting conduit through placement of 
the embankment to an elevation t.o ·the top of the pipe or above and 
then a trench is excavated for placement of the pipe. '['his procedure 
has been utilized frequently in cases where the original ground 
line did not parallel t.he flow line, thereby 'creat:ing a variable 
projection conditions (Fig. 1}. 
TOP OF EMBANKMENT~ 
~ 
POSITIVE PROJECTION 
NEGATIVE PROJECTION 
----~~ 
---.....__ .....__ ORIGINAL GROUND LINE 
'-.....---..__ / 
"= FLO w LJ flit: ___, 
_../ POS. PROJ. ----.1 NEG. PROJ. ZONE 
ZONE -4----
....... .....__ 
FIG. I - PROJECTION CONDITIONS 
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Situations arise wherein a portion of a box culvert is 
founded on an unyielding foundation and the remainder is placed 
on a yielding foundation. Box culverts are designed as a section 
one foot in length, thus varia 'Lion in foundation condi Lions or 
height of fill may be accounted for by designing as many sections 
as conditions warrant. Beam action along t.he longitudinal axis 
is not considered as a factor for design purposes. If ·the height 
of fill were constant from end to end and if foundat.ion conditions 
were such that settlement would be uniform throughout, the design 
based on a section one foot in length would be valid. Variations 
in fill height, foundation, and set.t.lement do exis·t and thereby 
warrant some considera·tion in design. ~'he effects of variation of 
the mentioned factors are frequently noted in the form of ·transverse 
cracks in t.op and bottom slabs and vertical cracks in wall slabs. 
Severe scaling, spalling and opening of construction or expansion 
joints are also signs of distress resulting from unequal settlement 
or unequal loading. 
The design of a box culvert for beam action along its 
longitudinal axis would more than likely be economically prohibitive. 
One method of minimizing the effects of unequal settlement and 
loading along the structure would be use of closely spaced joint.s. 
Another means of reducing distress, particularly localized distress, 
would be through provision for a uniform foundation (preferably yield-
ing) throughout the lengt.h of t.he structure. Culvert.s have been observed 
wherein the inlet or outlet has been founded upon rock or other un-
yielding material and ·the remainder of the structure has been placed 
on a yielding foundation. Such designs may produce conditions depicted 
in Fig. 2A. In any event., every effort should be made to provide as 
uniform a foundation ·throughout the length of the structure as possible. 
Rock or other unyielding ma·terial might be removed and replaced with 
compressible soils (Fig. 2B) or else yeilding materials might be re-
moved and replaced wit.h rock (Fig. 2C) . More t.han likely the former 
approach would lead to t.he more economical structure 0 The uniform 
foundation should extend for a distance of twice the width of t.he 
structure or 12 ft 0 (use min 0) on each side of ·the structure 0 
An added safety feature for installations designed for a 
yielding foundation wherein an unyielding founda·tion is encountered 
during construction would be the use of ·the imperfect ·trench in 
addition to provisions for a yielding foundation as previously dis-
cussed o It is theorized that. an imperfect trench (Fig. 3) would be 
as effective in reducing earth loads on box culverts as for pipe 
culverts. For a given s·trength (D-load) pipe and B bedding, use 
of the imperfect trench permits 100 percent increase in allowable 
---
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FIG. 3 - IMPERFECT TRENCH FOR LOAD REDUCTION 
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height: of fill over the conduit -- i.e. the permissible height of 
fill for B1 bedding (B bedding with imperfect. trench) is twice that 
for the same conduit, with B bedding. 'rhe pressure (psf) due to 
backfill on an imperfect trenched box culvert on a yielding found-
ation might thus be one half that as determined for an untrenched 
culvert on a yielding foundation with similar fill rna terials and 
an equal height of fill. Such a design procedure is not recommended 
for structure heights or widths in excess of 8 feet.. In addition, 
rock or unyielding foundations should be t,reated in a manner similar 
to that for pipe culvert ins,tallations. Possible installation 
procedures are depicted in Fig. 3. 
In addition to 'the provision for a uniform foundation 
throughout the length of the structure, site preparation on each 
side of the struct.ure is of equal importance. Untrenched culverts 
founded on yielding foundations may actually receive loads greater 
than P~WH as designated by the A.A.S.H.O. design formula. One 
illustrat,ion (Fig. 4A) of this possibility is the situation wherein 
the box culvert is inst,alled at some elevation below the existing 
ground line with no particular attention being given to existing 
soils on the sides cf the struct,ure. The naturally exist,ing soil 
a't each side of the structure would consolidate upon placement of 
the embankment and the exterior soil columns might thus compress 
more than the in t.erior soil column. In such an event, load in 
addition 'to WH must be borne by the struct.ure as shearing stresses 
develop bet,ween 'the prisms due to unequal set.tlement. A plane of 
equal settlement may occur at some elevation within the embankment 
wherein settlements of the interior and exterior prisms of soil are 
equal. Above that plane there is no tendency for relative movement 
and no shearing stresses are generated along the boundaries. 
Even in situations wherein the existing ground line at 
each side of the structure is at the same eleva,tion as the bottom 
slab, transfer of load from the exterior prisms to the interior 
prism is possible. Such an occurance is highly probable in 
situations where backfill is placed along each side of 'the structure 
with no par,ticular effort being made to compact t.hat portion of t,he 
backfill. As embankmen't is placed above the struct.ure, the 
loose backfill on each side consolidates and sheax·ing stresses 
transfer additional load to the structure. T'horough compaction of 
the backfill along the sides of the structure great.ly reduces the 
relative set'tlement between the prisms. 
'I'renching or use of t:b,e imperfect trench have been 
discussed as a possible means of reducing loads to be borne by 
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st.ruct.ures founded upon unyielding foundations. An alternate 
t .. reatmen·t of such conditions might be the provision of a yielding 
foundation by excavation of the unyielding material directly below 
the structure and replacement thereof wi·th a compressible material. 
The structure might thereby settle by an amount. equal to or 
greater than the set·tlement of that ~aterial at each side of ·the 
structure. In such an event, the load borne by the structure 
would equal or be less than WH and the resulting savings in cost 
of t.he structure might exceed the added cost for provision of the 
yielding foundation. Fig. 4 depicts this and other =nditions 
previously discussed. 
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MEMORANDUM D,2,5 
TO: Jas, H. Havens 
Director of Research 
FROM: Ronald D, Hughes k}) -;J-: 
Principal Research Engineer 
RE: Inspection of 8 1 x 4 1 Reinforced Concrete 
Box Culvert, Station 1141+46,5, Project 
I-75-6(11)146, Grant County 
In April, 1962, signs of distress were noted in the 
bottom slab of the above-referenced structure and an inspection 
was made by personnel from this Division on May 8, 1962, A sum-
mary of conditions observed at that time is contained in my 
memorandum of May 10, 1962, to Mr. W.B. Drake, At the time of 
the initial inspection, approximately 55 ft, of shale had been 
placed above the inlet portion (northbound embankment) of the 
structure and approximately 8 ft, of shale had been placed above 
the outlet portion (southbound embankment). The cause of dis-
tress had been reported as an unstable foundation resulting in 
a downward movement of the walls and top slab without a corr-
esponding movement of the center portion of the bottom slab, 
The most serious signs of distress were noted in that portion 
of the bottom slab 274 to 363 ft, from the outlet, An up-arching 
was noted in the center of the bottom slab at the mentioned 
location and the center of the slab was approximately 0,7 ft, 
higher than the sides in several locations, 
A portion of the bottom slab was to be removed and 
replaced in an effort to correct the situation, An imperfect 
trench was excavated in the backfill above the ouTlet portion 
of the structure in an effort to prevent further distress. Hay 
was placed in the lower third of the trench in a manner similar 
to that used for B1 bedding for rigid pipe culverts, This 
office was to be notified of the time of placement in order that 
we might observe the operation; however, we were not notified 
and were unable to obtain pertinent information regarding the 
procedures used in construction of the imperfect trench. 
A second inspection was made on May 14, 1965, The 
top slab was observed to be in excellent condition excepting for 
the presence of hairline cracks. The major portion of that slab 
had eight hairline cracks equally spaced from wall to wall. The 
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vertical walls contained some cracks and were essentially the 
same as reported in the initial inspection excepting for additional 
hairline cracks and a spalled area in the bottom of the left 
wall at a point approximately 345 fto from the outlet" Spalling was noted over an area of approximately 4 fto2 It was also noted 
that the walls were out-of-plumb" At a section 327 fto from the 
outlet, the wall to wall distance at the top slab was BoO ft, and the wall to wall distance at the bottom slab was 7.6 ft, Following 
is a summary of conditions noted in the bottom slab on May 14, 1965, 
Distance from 
Outlet - ft. 
0-55 
55-108 
108-155 
155-170 
170-195 
195-233 
233-244 
244 and 255 
248-257 
244-2 87 
287-389 
2 95-32 7 
341-349 
340-372 
362-378 
389 
389-405 
405-428 
428-inlet 
Condition of Bottom Slab 
no observations, area ponded 
l/16 ino crack, center of slab 
hairline crack, center of slab 
1/16 in. crack, center of slab 
extensive slabbing and spalling, 
center of slab 
l/16 to l/8 in, crack, center of slab, 
2-l/8 ino cracks in center area 
6 ino diameter holes, approx, 4 ino deep 
longitudinal reinforcing steel exposed 
near right wall, rusting 
l/4 ino crack, center of slab 
new slab, in some areas near walls it 
appeared old slab had not been removed 
no observations, ponded area due to 
negative slope 
new concrete washed out near right wall, 
6 ino wide and 7 in, deep 
new concrete washed out near· left wall, 
4 ino wide and 1 to 3 in. deep 
hairline crack through new slab 
hairline crack from wall to wall 
5/16 ino crack in center of slab 
diagonal crack from center to right wall 
and l/4 in, crack in center 
3/16 ino crack, center of slab, 
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MEMORANDUM D,2,5 
TO: W.B, Drake 
Director of Research 
FROM: R.D, Hughes /(,D.~ 
Re.search Engineer Arfsociate 
SUBJECT: Condition of 8' x 4' reinforced concrete box Culvert 
at Sta. 1141 + 46,5 on Project I 75-6(11) 146 in 
Grant County 
The Drainage Section of the Research Division made an 
inspection of the 8' x 4' reinforced concrete box culvert at 
station 1141 + 46.5 on project I 75-6(11)146 in Grant County 
on May 8, 1962, The culvert is approximately 455 in length and 
is located approximately 1000 feet from US 25, l/4 mile south 
of the Hill Top Truck Stop, 
Approximately 55 feet of shale fill has been placed over 
the inlet half of the structure and approximately 8 feet of 
shale fill is over the outlet portion, The total fill is to be 
80 feet. Backfilling over the outlet portion was ceased when 
the structure was noted to be in serious distress, Cause of the 
distress noted has been reported to be an unstable foundation 
condition resulting in downward movement of the vertical walls 
under the imposed fill load without corresponding movement of the 
central portion of the bottom slab. The most serious signs of 
distress were observed within that portion of the structure 274 
feet to 36 3 fee·t from the out let, A difference in elevation 
of 0,7 foot was noted between the bottom slab near the vertical 
walls and center of the slab, Following is a summary of conditions 
observed on May 8, 1962: 
Distance from 
Outlet (ft.) 
200 
2 30 
232 
2 35 
232-235 
174-240 
261 
274 
274-363 
Condition(from outlet toward inlet from left to right) 
l/16 in. crack right wall, l/16 in. crack top slab, 
Left wall and top slab joint, l/16 to l/32 in. crack. 
Hairline crack left wall, 
Hairline crack right wall. 
Hairline crack in bottom slab from 232 left to 235 right 
Hairline to l/32 in. longitudinal crack in center 
of bottom slab, 
3/16 in. crack top slab, l/8 in. crack left wall, 
l/8 in, crack right wall, 
One ft. diameter post for horizontal strut. 
Vertical walls and bottom slab where tied to wall have 
W,B, Drake 
Distance from 
Outlet ( ft, ) 
303 
318 
319 
325 
32 7 
326 
333 
349 
365 
382 
455 
-2- May 10, 1962 
Condition(from outlet toward inlet from left to right) 
settled from a minimum at 274 and 363 to a 
maximum between the two distances, The center of 
the bottom slab has not settled by an equal 
distance, thus, creating a negative moment in 
the bottom slab with a resulting shear failure 
through the central portion of the bottom slab, 
Settlement of the two walls has been nearly equal, The maximum difference in elevation betw.een the 
center of the bottom slab and where it connects 
to the vertical walls was observed to be 0,7 foot, Horizontal strut. 
Hairline crack right wall. 
Horizontal strut; 
Hairline crack left wall, 
Hairline crack right wall, 
Bottom slab cracked in blocks in this area, 
Horizontal strut, 
II 
II 
II 
Inlet 
II 
" 
II 
Mr. Roamine, Resident Engineer, stated that the fill over the inlet portion was placed approximately three months prior to our inspection, He also stated that an imperfect trench will be used over the outlet portion of the struction with baled hay or straw being used in the lower portion of the trench directly above the conduit. After completion of the entire backfilling operation and sufficient time has elapsed for major settlement of the structure, the bottom slab in the zone of most serious distress is to be removed, The slab is to be replaced by a thicker slab which is to be tied into the wall footings, 
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